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5HYLHZ
$ 6XUYH\ RI 7UHDWPHQW RI $FQH E\ $FXSXQFWXUH
1LH <RX]KL 㘖᳝ᱎ 	:DQJ &KXQ\RQJ ⥟᯹࢛
7&0'HSDUWPHQW 7KH 7KLUG +RVSLWDO $IILOLDWHG WR %HLMLQJ 8QLYHUVLW\ %HLMLQJ  &KLQD
$FQH XVXDOO\ DIIHFWV WKH IDFH FKHVW DQG EDFN LQ
SXEHUW\ +HUH WKH DXWKRU ZRXOG OLNH WR SUHVHQW D
VXUYH\ RI DFXSXQWXUH WUHDWPHQW RI DFQH DFFRUGLQJ WR
WKH FOLQLFDO UHSRUWV LQ UHVHQW \HDUV
%RG\ $FXSXQFWXUH LQ 'LIIHUHQW:D\V
:DQJ :HL  XVHG DFXSXQFWXUH SOXV DXULFXODU SODVWHU
WKHUDS\ WR WUHDW  FDVHV RI DFQH 2I WKHP  FDVHV
ZLWK WKH V\QGURPH RI ZLQGKHDW LQ WKH /XQJ &KDQQHO
ZHUH WUHDWHG E\ SXQFWXULQJ +HJX /,  /LHTXH /8
 7DL\DQJ (;+1  6LEDL 67  <LQJ[LDQJ /,
 4XFKL /,  DQG 'D]KXL *9  EOHHGLQJ IRU
H[SHOOLQJ ZLQG FOHDULQJ KHDW DQG PRLVWHQLQJ WKH
LQWHVWLQHV  FDVHV ZLWK WKH V\QGURPH RI GDPSKHDW
LQ WKH VSOHHQ DQG VWRPDFK ZHUH WUHDWHG E\ SXQFWXULQJ
=XVDQOL 67  1HLWLQJ 67  +HJX /, 
'LFDQJ 67  =KRQJZDQ &9  <LQOLQJTXDQ 63
 DQG (UMLDQ (;+1  EOHHGLQJ IRU FOHDULQJ KHDW
HOLPLQDWLQJ GDPSQHVV VWUHQJWKHQLQJ WKH VSOHHQ DQG
VWRPDFK DQG  FDVHV ZLWK WKH V\QGURPH RI
LQFRRUGLQDWLRQ EHWZHHQ WKH &KRQJ DQG 5HQ &KDQQHOV
ZHUH WUHDWHG E\ SXQFWXULQJ 4LKDL &9  6DQ\LQMLDR
63  7DLFKRQJ /5  ;LQJMLDQ /5 
<LQOLQJTXDQ 63  ;XHKDL 63  DQG (UMLDQ (;
+1  EOHHGLQJ IRU VRRWKLQJ WKH OLYHU FOHDULQJ KHDW
SURPRWLQJ EORRG FLUFXODWLRQ DQG UHJXODWLQJ WKH
&KRQJ DQG 5HQ &KDQQHOV 7KH UHVXOWV VKRZHG WKDW 
FDVHV ZHUH FXUHG  FDVHV PDUNHGO\ LPSURYHG DQG
 FDVHV IDLOHG ZLWK D WRWDO HIIHFWLYH UDWH RI 
:DQJ +RQJ HW DO  UDQGRPO\ GLYLGHG  FDVHV RI
FRPPRQ DFQH LQWR  JURXSV  FDVHV LQ HDFK JURXS
,Q JURXS $ RI VHOHFWLQJ WKH SRLQWV DFFRUGLQJ WR ERWK
WKH 7&0 GLIIHUHQWLDWLRQ DQG WKH RSHQLQJ WLPH RI
DFXSRLQWV DQ\ RQH SRLQW RI WKH +DQGRU )RRW
<DQJPLQJ &KDQQHO RU 6KDR\DQJ &KDQQHO ZDV
SXQFWXUHG HDFK WLPH WRJHWKHU ZLWK WKH SRLQWV RI
)HQJFKL *%  +HJX /,  DQG (UMLDQ (;+1 
,Q JURXS % RI VHOHFWLQJ WKH SRLQWV DFFRUGLQJ WR WKH
RSHQLQJ WLPH RI WKH DFXSRLQWV WKH SRLQWV WR EH
SXQFWXUHG ZHUH RQO\ WKRVH RSHQHG DW WKH WLPH ZKHQ
WKH SDWLHQW FDPH IRU WUHDWPHQW ,Q JURXS & RI VHOHFWLQJ
WKH SRLQWV DFFRUGLQJ WR 7&0 GLIIHUHQWLDWLRQ WKH SRLQW
SUHVFULSWLRQ ZDV JLYHQ DFFRUGLQJ WR WKH LQGLYLGXDO
FRQGLWLRQ RI WKH SDWLHQW 7KH UHVXOWV VKRZHG WKDW WKH
WKHUDSHXWLF HIIHFW LQ JURXS $ ZDV EHWWHU WKDQ ERWK RI
JURXS % 3 DQG JURXS & 3
/LX -LQJKXD HW DO  SXQFWXUHG 5HQ\LQJ 67  DQG
DGPLQLVWHUHG WKH &KLQHVH GUXJV IRU FOHDULQJ KHDW
UHPRYLQJ WR[LQV DQG HOLPLQDWLQJ VZHOOLQJ WR WUHDW 
FDVHV RI IDFLDO DFQH $V D UHVXOW  FDVHV ZHUH FXUHG
DQG  FDVHV LPSURYHG $FXSXQFWXUH DW 5HQ\LQJ 67
 FDQ UHJXODWH WKH VSOHHQ DQG VWRPDFK DQG GUHGJH
FKDQQHOV DQG FROODWHUDOV LQ WKH IDFH ZKLFK FDQ
VLPXOWDQHRXVO\ WUHDW WKH VXSHUILFLDOLW\ DQG RULJLQ IRU
IDFLDO DFQH
'LIIHUHQW 0HWKRGV$GRSWHG
=KHQJ -LDQ\X HW DO  WUHDWHG  FDVHV RI DFQH E\
DFXSXQFWXUH DW WKH PDLQ SRLQWV RI 4XFKL /,  +HJX
/,  )HLVKX %/  ;XHKDL 63  DQG =XVDQOL
67  DV ZHOO DV WKH DGMXQFW SRLQWV DFFRUGLQJ WR WKH
V\PSWRPV ZLWK IRXU SRLQWV DOWHUQDWHO\ VHOHFWHG HDFK
WLPH 0HDQZKLOH FXSSLQJ ZDV SHUIRUPHG DW 'D]KXL
*9  DQG DORQJ ELODWHUDO 8ULQDU\ %ODGGHU
&KDQQHOV ,Q D FRQWURO JURXS RI  FDVHV RUDO
WHWUDF\FOLQH DQG 9% ZHUH SUHVFULEHG 7KH UHVXOWV
VKRZHG WKDW WKH FXUH UDWH ZDV REYLRXVO\ KLJKHU LQ WKH
WUHDWPHQW JURXS WKDQ WKDW LQ WKH FRQWURO JURXS
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
7KURXJK WKH FKDQQHOV DQG FROODWHUDOV WKH WKHUDS\ FDQ
SURGXFH D QRQVSHFLILF VWLPXODWLRQ WR WKH ERG\ VR DV WR
HQKDQFH LPPXQLW\ FRRUGLQDWH WKH LQWHUQDO RUJDQV DQG
UHJXODWH TL DQG EORRG 7KH DERYHPHQWLRQHG SRLQWV
XVHG WRJHWKHU FDQ FOHDU DZD\ KHDW IURP WKH OXQJ
UHPRYH GDPSQHVV LQ WKH LQWHUQDO RUJDQV UHVROYH
SKOHJP VRIWHQ PDVVHV SURPRWH EORRG FLUFXODWLRQ DQG
UHPRYH EORRG VWDVLV
:DQJ 4XDQTXDQ HW DO  LQMHFWHG WKH FRPSRXQG
'DQVKHQ OLTXLG LQWR 4XFKL /,  +HJX /, 
=XVDQOL 67  DQG )HLVKX %/  SOXV DXULFXODU
SODVWHU WKHUDS\ WR WUHDW  FDVHV RI FRPPRQ DFQH
ZLWK D FXUH UDWH RI  DQG WRWDO HIIHFWLYH UDWH RI
 7KH FXUH UDWH ZDV  DQG WKH WRWDO HIIHFWLYH
UDWH ZDV  LQ D FRQWURO JURXS RI  FDVHV WUHDWHG
ZLWK PHWURQLGD]ROH DQG 9% LQGLFDWLQJ WKDW WKH
WKHUDSHXWLF HIIHFW ZDV EHWWHU LQ WKH IRUPHU WKDQ WKDW LQ
WKH ODWWHU 3
&DWJXW HPEHGGHG LQ FHUWDLQ SRLQWV PD\ SURGXFH D
VXVWDLQHG VWLPXODWLRQ WR WUHDW GLVHDVH 3LQJ /LKRQJ 
XVHG WKH FDWJXWHPEHGGLQJ WKHUDS\ DW OHIW 4XFKL /,
 DQG =XVDQOL 67  ZLWK OHIW )HLVKX %/ 
DGGHG IRU VHYHUH FDVHV WR WUHDW  DFQH SDWLHQWV 
FDVHV ZHUH FXUHG  FDVHV LPSURYHG DQG  FDVHV
IDLOHG ZLWK D WRWDO HIIHFWLYH UDWH RI  7KH WKHUDS\
FDQ GUHGJH DQG UHJXODWH WKH <DQJPLQJ &KDQQHO
UHVROYH GDPSQHVV UHPRYH SRLVRQ H[SHO ZLQG
GLVSHUVH KHDW SURPRWH EORRG FLUFXODWLRQ DQG UHJXODWH
WKH 5HQ DQG &KRQJ &KDQQHOV 0RGHUQ PHGLFLQH KROGV
WKDW FDWJXW HPEHGGHG LQ KXPDQ ERG\ FDQ LQGXFH
LPPXQH UHDFWLRQ UHJXODWH HQGRFULQH IXQFWLRQ DQG
HQKDQFH LPPXQLW\
$FXSXQFWXUH ZLWK WKH UHGKRW QHHGOHV FDQ ZDUP WKH
FKDQQHOV WR GLVSHO FROG UHVROYH PDVV SURPRWH EORRG
FLUFXODWLRQ UHPRYH EORRG VWDVLV SXUJH KHDW DQG
HOLPLQDWH WR[LQV /LX ;LDRML  XVHG WKH UHGKRW QHHGOHV
WR SXQFWXUH ELODWHUDO )HLVKX %/  *HVKX %/ 
DQG 'DQVKX %/  DQG DGRSWHG WKH DXULFXODU SODVWHU
WKHUDS\ WR WUHDW  FDVHV RI DFQH  FDVHV ZHUH FXUHG
 FDVHV PDUNHGO\ HIIHFWLYH DQG  FDVHV LPSURYHG 7KH
WRWDO HIIHFWLYH UDWH ZDV 
/XR 0LQUDQ  XVHG ZDUP PR[LEXVWLRQ DW *XDQ\XDQ
&9  =XVDQOL 67  6DQ\LQMLDR 63  DQG +HJX
/,  ZLWK )HQJORQJ 67  DGGHG IRU WKLFN JUHDV\
IXU WR WUHDW  IHPDOH SDWLHQWV ZLWK DFQH RI WKH F\VWLF
W\SH RU WKH QRGXODU W\SH $OO RI WKHP VKRZHG SDOH
WRQJXH DQG GHHSWKUHDG\ZHDN SXOVH $V D UHVXOW 
FDVHV ZHUH FXUHG  FDVHV LPSURYHG DQG  FDVHV IDLOHG
ZLWK D WRWDO HIIHFWLYH UDWH RI  5HIUDFWRU\ DFQH LV
PDLQO\ FDXVHG E\ GHILFLHQF\ RI TL DQG EORRG
PDQLIHVWHG E\ XOFHUDWLYH VRUH DQG VZHOOLQJ ZLWK D
OLQJHULQJ LOOQHVV FRXUVH :DUP PR[LEXVWLRQ FDQ
QRXULVK \DQJTL SURPRWH FLUFXODWLRQ RI TL DQG EORRG
DQG HOLPLQDWH \LQ VWDJQDWLRQ WKXV SURPRWLQJ WKH
KHDOLQJ RI XOFHUV
7KH 6XUURXQGHG DQG 6FDWWHUHG 1HHGOLQJ
/RQJ =KLMLDQJ  LQVHUWHG WKH QHHGOHV DURXQG WKH IDFLDO
VNLQ OHVLRQ WKH VXUURXQGHG QHHGOLQJ DQG XVHG WKH
ERG\ DFXSXQFWXUH SOXV WKH DXULFXODU QHHGOLQJ WR WUHDW
 FDVHV RI IDFLDO DFQH 7KH WRWDO HIIHFWLYH UDWH ZDV
 PXFK EHWWHU WKDQ WKDW LQ D FRQWURO JURXS RI 
FDVHV WUHDWHG E\ ERG\ DFXSXQFWXUH SOXV DXULFXODU
SODVWHU WKHUDS\ EXW QR WKH VXUURXQGHG QHHGOLQJ :HL
%R HW DO  XVHG WKH VFDWWHUHG QHHGOLQJ WR WUHDW 
FDVHV IDFLDO DFQH UHVXOWLQJ LQ FXUH LQ  FDVHV DQG
UHPDUNDEOH HIIHFW LQ  FDVHV :KHQ DSSO\LQJ WKH
VFDWWHUHG QHHGOLQJ WKH GRFWRU VKRXOG VKDNH WKH QHHGOH
KDQGOH WR HQODUJH WKH KROH RI VNLQ IRU SXUJLQJ EORRG
KHDW
$XULFXODU 7KHUDSLHV
-L -LDQPLQ HW DO  XVHG WKH DXULFXODU SODVWHU WKHUDS\ WR
WUHDW  DFQH SDWLHQWV 7KH PDLQ DXULFXODU SRLQWV
VHOHFWHG ZHUH /XQJ (QGRFULQH 6KHQPHQ +7 
6\PSDWKHVLV 6XEFRUWH[ DQG &KHHN 7KH SRLQWV
6WRPDFK DQG /DUJH ,QWHVWLQH ZHUH DGGHG IRU
DFFXPXODWLRQ RI KHDW LQ WKH VSOHHQ DQG VWRPDFK /LYHU
DQG *DOOEODGGHU ZHUH DGGHG IRU VWDJQDWLRQ RI TL DQG
EORRG DQG WKH SRLQWV 'LDSKUDJP DQG 6SOHHQ ZHUH
DGGHG IRU SKOHJP DFFXPXODWLRQ 7KH UHVXOWV VKRZHG
WKDW  FDVHV ZHUH FXUHG  FDVHV PDUNHGO\ HIIHFWLYH
 FDVHV LPSURYHG DQG  FDVHV IDLOHG 7KH WRWDO
HIIHFWLYH UDWH ZDV  /LX /LDQ HW DO  XVHG WKH
DXULFXODU SODVWHU WKHUDS\ WR WUHDW  FDVHV RI DFQH 7KH
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
PDLQ SRLQWV ZHUH /XQJ (QGRFULQH $GUHQDO *ODQG
6KHQPHQ +7  6XEFRUWH[ DQG &KHHN 7KH SRLQW
/DUJH ,QWHVWLQH ZDV DGGHG IRU ZLQGKHDW LQ WKH /XQJ
&KDQQHO 6SOHHQ 6WRPDFK DQG /DUJH ,QWHVWLQH ZHUH
DGGHG IRU GDPSKHDW LQ WKH VSOHHQ DQG VWRPDFK DQG
/LYHU DQG 6WRPDFK ZHUH DGGHG IRU LQFR RUGLQDWLRQ
EHWZHHQ WKH 5HQ DQG &KRQJ &KDQQHOV $V D UHVXOW 
FDVHV ZHUH FXUHG  FDVHV PDUNHGO\ HIIHFWLYH  FDVHV
LPSURYHG DQG  FDVHV IDLOHG ZLWK D WRWDO HIIHFWLYH UDWH
RI  7KH DXULFXODU SODVWHU WKHUDS\ FDQ LQFUHDVH
HVWUDGLRO DQG UHGXFH DQWURJHQ )HQJ &KXQOLQJ  XVHG
WKH DXULFXODU SODVWHU WKHUDS\ DW WKH SRLQWV RI &KHHN
/XQJ 6WRPDFK /DUJH ,QWHVWLQH (QGRFULQH DQG (UMLDQ
(;+1  SOXV WKH EOHHGLQJ WKHUDS\ DW %DFN6KX
SRLQWV ZLWK D HGJHG QHHGOH DQG WKHQ FXSSLQJ DW WKH
SULFNHG SRLQWV WR WUHDW  FDVHV RI DFQH 2I WKHP 
FDVHV ZHUH FXUHG DQG  FDVHV PDUNHGO\ LPSURYHG
6KHQ 0LQ\LQJ  XVHG WKH DXULFXODU SRLQWFXWWLQJ
WKHUDS\ DW 6KHQPHQ (QGRFULQH 8UWLFDULD DQG &KHHN
WR WUHDW  IHPDOH SDWLHQWV ZLWK DFQH 2I WKHP 
FDVHV ZHUH FXUHG  FDVHV LPSURYHG DQG  FDVHV
IDLOHG ZLWK D WRWDO HIIHFWLYH UDWH RI  7KH
WKHUDS\ FDQ UHJXODWH HQGRFULQH UHVLVW DOOHUJ\ UHGXFH
VNLQ VHQVLWLYLW\ FOHDU DZD\ KHDW DQG UHPRYH
GDPSQHVV
+RX +XL[LDQ HW DO  XVHG WKH QHHGOHHPEHGGLQJ
WKHUDS\ DW WKH DXULFXODU SRLQWV RI (QGRFULQH /XQJ
6WRPDFK DQG &KHHN ZLWK +HDUW DQG $GUHQDO *ODQG
DGGHG IRU UXQQLQJ VRUH 6SOHHQ DGGHG IRU WKH F\VWLF
W\SH 6XEFRUWH[ DGGHG IRU WKH QRGXODU W\SH DQG
&KHHN )RUHKHDG DQG /RZHU -DZ DGGHG DFFRUGLQJ WR
WKH FRUUHVSRQGLQJ DIIHFWHG VLWHV ,Q D JURXS RI 
SDWLHQWV WKXV WUHDWHG  FDVHV ZHUH FXUHG  FDVHV
LPSURYHG DQG  FDVHV IDLOHG 7KH WRWDO HIIHFWLYH UDWH
ZDV 
%OHHGLQJ 7KHUDS\
3DQJ +X HW DO  XVHG D HGJHG QHHGOH WR SULFN 
SRLQWV  FXQ ELODWHUDO WR 'D]KXL *9  DQG 7DRGDR
*9  IROORZHG E\ FXSSLQJ IRU EOHHGLQJ WR WUHDW 
FDVHV RI DFQH 2I WKHP  FDVHV ZHUH FXUHG  FDVHV
PDUNHGO\ HIIHFWLYH  FDVHV LPSURYHG DQG  FDVHV
IDLOHG 7KH WRWDO HIIHFWLYH UDWH ZDV 
&KHQ 6XKXD HW DO  XVHG D HGJHG QHHGOH WR SULFN
ELODWHUDO (UMLDQ 0$+E WKH +RW SRLQW DQG YHLQ RI
WKH HDU EDFN WR WUHDW  FDVHV RI DFQH $V D UHVXOW
 FDVHV ZHUH FXUHG  FDVHV PDUNHGO\ HIIHFWLYH 
FDVHV LPSURYHG DQG  FDVHV IDLOHG 7KH WRWDO HIIHFWLYH
UDWH ZDV 
:DQJ +RQJ[LDQ  XVHG D HGJHG QHHGOH WR SULFN WKH
 V\PPHWULFDO WHQGHUQHVV SRLQWV VHOHFWHG IURP WKH
PLGGOH SRLQWV RI ELODWHUDO FODYLFOH WR WKH WK ULE ZLWK
4XFKL /,  RQ ERWK VLGHV VHOHFWHG IRU ORFDO
LQIHFWLRQ WR WUHDW  FDVHV RI DFQH  FDVHV RI WKHP
ZHUH FXUHG  FDVHV PDUNHGO\ HIIHFWLYH  FDVHV
LPSURYHG DQG  FDVHV IDLOHG ZLWK D WRWDO HIIHFWLYH UDWH
RI  %OHHGLQJ IURP WKH WHQGHUQHVV SRLQWV FDQ
SXUJH DFFXPXODWHG KHDW IURP WKH OXQJ DQG VWRPDFK
SURPRWH EORRG FLUFXODWLRQ UHPRYH EORRG VWDVLV DQG
UHVROYH WKH PDVV
/LX 7DR HW DO  XVHG WKH SOXPEORVVRP QHHGOH WR WDS
WKH VNLQ OHVLRQV SOXV WKH HOHFWULF DFXSXQFWXUH DQG
&KLQHVH PHGLFLQDO PDVN WKHUDS\ WR WUHDW  FDVHV RI
DFQH 2I WKHP  FDVHV ZHUH FXUHG DQG  FDVHV
PDUNHGO\ HIIHFWLYH 8VLQJ WKH SOXPEORVVRP QHHGOH WR
WDS VNLQ OHVLRQV IRU ORFDO EOHHGLQJ FDQ SXUJH KHDW
SURPRWH EORRG FLUFXODWLRQ DQG FOHDU WKH FROODWHUDOV
&DR :HLPLQ  XVHG WKH HQVLIRUP QHHGOH WR KRRN DQG
FXW WKH WHQGHUQHVV SRLQWV  RU  EURZQ UDVK SRLQWV LQ
WKH VKRXOGHU DQG EDFN UHJLRQ DERYH WKH WK WKRUDFLF
YHUWHEUD SOXV WKH FXSSLQJ PHWKRG WR WUHDW  FDVHV RI
DFQH  FDVHV ZHUH FXUHG  FDVHV PDUNHGO\
HIIHFWLYH DQG  FDVHV LPSURYHG  SDWLHQWV LQ WKH
FRQWURO JURXS ZHUH FRQYHQWLRQDOO\ WUHDWHG E\
DFXSXQFWXUH DW 'D]KXL *9  /LQJWDL *9  DQG
=KL\DQJ *9  DV ZHOO DV DW WKH DGMXQFW SRLQWV RI
)HLVKX %/  :HLVKX %/  DQG *DQVKX %/ 
7KH UHVXOWV VKRZHG WKDW  FDVHV ZHUH FXUHG 
FDVHV PDUNHGO\ HIIHFWLYH  FDVHV LPSURYHG DQG 
FDVHV IDLOHG ,W FDQ EH VHHQ WKDW WKH WKHUDSHXWLF HIIHFW
RI WKH IRUPHU LV EHWWHU WKDQ WKDW RI WKH ODWWHU
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
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